In this paper, a new predictive control strategy for current source matrix converter (CSMC) is presented. Proposed predictive control strategy allows for creating output voltages with boost type voltage transfer ratio and desired frequency. The description of predictive control circuit of the CSMC is presented. Furthermore the simulation test results to confirm functionality of the proposed control strategy and converter properties under this strategy are shown.
Introduction
An alternative for commonly used indirect (AC/DC/AC) frequency converters with DC storage elements is constantly searched for. One of the proposed alternatives is the direct voltage source matrix converter (VSMC). The main disadvantage of the VSMC, virtually limiting its industrial application in power networks or electric drives, is the relationship between the input and output voltages (voltage transfer ratio). The quotient of the rms values of these voltages (while retaining their sinusoidal shape) is lower than 1 [1] - [5] . In this respect, hybrid matrix converters, where an additional DC/DC converter and a small capacitor for energy storage are used, have more favorable properties due to the fact that their voltage transfer ratio can be higher than 1 [6] [7] . Such transfer ratio is also characteristic for direct and indirect matrix reactance frequency converters (MRFC) [8] - [11] and direct current source matrix converters (CSMC) [12] - [15] . MRFC and CSMC are converters without the DC energy storage alike VSMC. So far, modeling, analysis and studying the properties of these converters has included two control strategies: 1) modified classical control strategy based on low frequency transfer matrix [1] and 2) modified space vector modulation [3] . Simplified topology of CSMC with ideal switches as well as ideal current and voltage sources is shown in Figure 1 . Results of the analyses CSMC under control strategy 1) presented in paper [12] shows that the achievement of the voltage transfer ratio higher than 1 is possible.
Furthermore, input power factor can be controlled but not irrespective of output power factor which is the main disadvantage of this solution. Studies of CSMC under control strategy 2) presented in [13] - [15] also proves that the voltage transfer ratio higher than 1 can be obtained, but other than in [12] , the input power factor can be controlled independently of the output power factor [14] .
Carried out in recent years, an intensive research of the use of the predictive control strategy implemented in power electronic converters yielded a number of very good results [16] - [19] . The use of those control strategies in VSMC allows for the improvement of their properties especially in relation to the dynamic ones [17] - [18] . That is why predictive control strategies are also interesting for CSMC.
The aim of this article is to propose and describe the model predictive control (MPC) circuit for CSMC. The proposed control strategy is presented in Section 2.
In Section 3 control circuit is proposed, simulation test results to confirm functionality of the proposed control strategy and converter properties under this strategy are presented in section IV. The conclusion is drawn in the last section
Control Description
Simplified functional diagram of the proposed control system for direct CSMC is shown in Figure 2 . Following parts of the control circuit can be distinguished: 1) model predictive sub-circuit, 2) optimization sub-circuit.
Generally, the predictive model sub-circuit is used for the prediction of the phase load voltages ( ) Diagram describing the steps realized in every k sampling period by the proposed control system is shown in i i i of the CSMC are determined with the use of Equation (1) (mathematical model describing the CSMC current relations) [12] - [15] . For the previously calculated output currents by means of differential Equation (2) and its discrete form obtained by the forward Euler approximation-Equation (3), instantaneous output voltages
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In the next step Equation (4) is used for cost function calculations, which is described for all allowed switch configurations ( )
. The cost function is expressed as a sum of coordinate subtracts of the reference and the predicted output voltages vectors. Vector coordinates are obtained by using Equations (5) and (6) [20] .
( ) ( ) T -Clarke transformation matrix for symmetrical system. Further, taking into account Equations (7) and (8), using Equation (9) 
where: u A , u B , u C -matrix converter input phase voltages, u a , u b , u c -matrix converter output phase voltages,
where:
[ ]
Next for all possible switch configurations ( ) 1, , 27 x =  the cost function, expressed by Equation (10) [17] , [21] is described. This cost function allows for determining the value of the factor thanks to which, the influence of the switch configuration on the input power factor can be determined. Switch configuration for the next discretization period is selected basing on Equation (11) 
where: S u -space vector representation of source voltages, Sx * i -complex conjugate of the space vector representation of predicted input currents for x switches configuration, S u α , s u β -space vector coordinates of S u , ,
Control Circuit
In 
Test Results
Studies of the discussed model predictive control for CSMC have been carried out for the circuit parameters collected in Table 2 . The simulation test results have been obtained by means of Matlab Simulink. Simulation setup is shown in Figure 5 .
In shown. It can be seen that predicted vector closest to the reference vector (with smallest g) is selected in time moment ( ) 1 k t + . In Figure 7 for transfer ratio higher than one and three different frequencies 50 Hz, 25 Hz, 75 Hz CSMC currents and voltages' time waveforms are presented. The response of the circuit to the output reference voltage changes is shown in Figure 8 . In Figure 9 the response of the circuit to the output frequency changes is presented. As it can be seen from Figure 8 and Figure 9 output voltage of the current source matrix converter under proposed model predictive control strategy reaches its reference with a very fast dynamics. 
Summary
In this paper, model predictive control and a control circuit of the current source matrix converter has been presented. Proposed control strategy allows obtaining output voltages with desired frequency and amplitude. Voltage transfer ratio for CSMC under presented control strategy can be higher than 1. Reference values are reached with fast dynamic. Furthermore, the input power factor can be controlled but it highly depends on circuit elements and set parameters. Future investigations will be focused on the improvement of the input power factor control and experimental implementation of the proposed control strategy in current source matrix converter.
